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PREFACE. 









In presentiDg this monograph to the public, I make no 
claim for its completeness, nor of my infallibility, but take 
pleasure in giving the reader some facts concerning mechani- 
cal draft in a handy form for ready reference. 

Some of the material has already appeared in an article 
>- which I prepared for the Engineering Magazine, 
i. Credit for the work of others is given as far as possible. 
^ I trust that the book may be read as being unbiased, as far 
as any particular make of apparatus is concerned. 

William Wallace Christie. 
■- PatersoD, N. J., November 1901. 



FURNACE DRAFT. 



Its Production by Mechanical Methods. 



A chimney is a means most frequently employed to provide 
draft for the combustion of fuel under or in boilers or other 
heat devices. 

It provides the draft by means of the waste heat, or a 
waste of heat; the draft being a result of the difference in 
weight of a column of comparatively cold air without, and a 
column of comparatively very hot air within the chimney ; the 
writer would call draft produced in this way natural or static 
draft. 

Draft produced by mechanical methods as in the case of a 
blower, or steam jet, could be termed forced or dynamic 
draft. It is dynamic or forced draft with which we are di- 
rectly concerned at present. 

The particular method of producing draft to which the 
term *' forced draft " is or has been applied, is that which em- 
ploys a centrifugal fan which forces air in a closed ashpit, up 
through the bed of fuel, the gases passing out of a short 
chimney. This method is not used for excessively heavy 
fires, nor in large boiler units ; it being necessary to shut off 
the fan before firing fresh coal, as the air forces itself through 
the fire in spots, unless closely watched, giving a very unsat- 
isfactory combustion. 

Forced draft has the advantage of being easily installed and 
that no specially cooled bearings are needed on the fan as it 
handles cool air. 

Forced draft is regulated in part by means of a valve or 
hood connection to the inlet pipe located in the ashpit of the 
boiler, having a rod extending to the outside of the setting 
which may be used to open or close a 'flap valve as conditions 
require. 

Induced draft is a system much more generally used than 
** Forced Draft," the fan drawing the air through the fire and 



boiler to itseir, the result U moie neaTl; liko nataral draft 
from a cbimnej, and it has do Berions effect oa the fire, nor 
does it interfere in the leiiat with charging fresh coal wbile 
the fan coDtinues to mil. 

The high temperature of the escaping gases however neoee- 
Bitates a design of fan suited to the purpose, eepeeial Bttenlion 
mnat he paid to the design of the jonmal boxes of the fan, 
these are uandl; kept cool with a water jacket, a device 
which has proven all that is needed for the purpose. 

While fans for forced draft may be made of east iron, fans 
for induced draft are always made of sheet steel In either 
instance peripheral discbari^e fans are used ; high pressnre not 
*- ' ~ IS much needed as a great volume of air at a moderate 





A chimney wbich eitends at ieast 10 
feet aboTe the roof of the builiJiDg 
i^nulftiniDg Ibe fan or fans i% used 
with either method in order to prevent 
lire, and to carry the Bases bo high as 
uot to be otfensive to the eommunity 
Frequently for arebitectutal effect 
ur OD accouDt of loesl ref,ulRtioDS the 
Lhimoe; is made higher and again 
<Abere looks are of no coueequence 
iLe obimnev may be omitted alto 
Ktther 

Another system that is often em 
ployed IB Forced Induced draft a 
(. tubinatiou of the tvo svstems men 
ti ued above 

Still another system is Forced Nat 
ural draft in wbieb a ceutnfugal fan 
H employed to furnish the air neces 
nry to combustion, also to regulate 
the same to snit tlie steam pressure 
(.nrned in the boiler a chimney being 
IF- d to produce the draft and ei 
h lUSt the gases-from the furnnces 

^n absolutely nir-tigbt ashpit is not 
IK eded with this method, but is both 
. '.irable and necessary with "forted'' 
ft 
steam jet in the chimney or flue, 
reqnently used to create draft or 
aatist and increase that already 
oblaiiied by tbe heat of the escap- 
ing Kases. 

The large quantity of steam 
used by the jets in proportion to 
the quantity made in the boiler 
plant niing steam jets will be con- 
sidered later. 

In connection with a cbimoey 
to HFsiBt in exhausting the gases, 
a s[eam blower (not jet) is occa- 
siouall} used, being placed in the 
furnace front oi side wall, ofaboil- 
er setting having a closed ashpit. 
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As is the case with the jet, the hlower is a large consumer 
of steam. The advantages of mechanical draft as compared 
with nataral-chimney-draft are well summed up by Mr. Jas. 
Howden of England as follows : 

1. Cjmplete combustion of fuel of all qualities under con- 
ditions in which combustion could not be efiBiciently obtained 
by natural draft. 

2. The power of regulating with ease the amount of com- 
bustion desired, from zero to many times that possible by 
natural draft, also the capability of maintaining the fuel in 
the furnace incandescent for a considerable time without ap- 
preciable consumption. 

3. A great reduction in the size or number of boilers re- 
quired to produce a given power and the capability of increas- 
ing the power in steamships far beyond that now obtainable 
with boilers worked by natural draft. 

4. Greater economy in producing steam from the following 

causes : 

(a) From more complete combustion of fuel than is attain- 
able by natural draft with a reduced admission of air. 

(b) From the higher temperature of the furnace arising the 
more perfect and higher rate of combustion, and from the air 
supply being partially heated before entering the furnace. 

(c) From the utilization of the waste heat of the escaping 
gases. 

(d) From the prevention of heat from the furnaces and 
ashpits being radiated into the stoke hold. 

(e) From the much less expenditure required to supply the 
air of combustion from a fan than is required to heat a col- 
umn of air in a chimney, to obtain supply by natural draft. 

if) From preventing a cooling down of the boiler by a rush 
of cool air to the f arnace, when a furnace door is opened. 

5. Less discomfort in stoking, the stokehole fresh and cool 
by the radiation of heat from the furnaces being prevented, 
and the fan drawing fresh air into it continuously independ- 
ently of ventilators. 
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6. The complete absence of the great nuisance of smoke in 
the use of steam power. 

7. The abolition of all unsightly chimneys in town and 
country now necessary for combustion by natural draft. 

The readiness with which one of these systems may be 
adapted to any of the various conditions that exist is a point 
in its favor. 

The convenience of the outfits lead** to their adoption, in 
many cases, for on short notice — a few days or even less — a 
forced draft outfit may be ordered, received and installed. 
Likewise we can as readily arrange for a steel chimney of 
reasonable diameter and height. 

Forced draft and chimney draft may be regulated within 
the extreme limits provided by, or inherent to the outfits 
themselves 

The economy in burning cheap fuels is an inducement 
offered to steam users in favor of forced draft ; the cheaper 
grades of fuel may also be burned in a properly designed 
boiler furnace using natural draft. 

The draft required for the efficient combustion of all fuels, 
in the majority of cases, is within the limit of that produced 
by a chimney of moderate height, which can be seen from the 
accompanying tables: 

DBAFX REQUIRED FOR EFFICIENT COMBUSTION OF FUELS.* 

Inches of Water. 

Slack, very small.. 0.7 to 1 1 

Coal dust 0.8 to 1.1 

Semi-anthracite 

coal. 
Breeze & slack mix. 
Anthracite, round . 
Breeze and coal 

dust mixed. 
Anthracite slack. . . 



Inches of Water. 


Straw 


0.20 


Wood 


0.30 


Sawdust 


0.35 


Peat, light 


0.40 


Peat, heavy . 


0.50 


Sawdust mixed 




with small coal. 


0.60 


Slack ordinary. . . 


0.6 to 0.9 


Steam coal, round. 


0.4 to 0.7 



0.9 to 1.2 
1.0 to 1.3 
1.2 to 1.4 

1.2 to 1.5 

1.3 to 1.8 



♦Dr. R. H. Thurston. 
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This Tftble Compiled bjr the Author from Actuftl Tests. 
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Eice Coal. 



14.8 

17.9 

21.3 

21.5 

25 8 

27.0 

28. 

28. 



0.88 
0.54 
1.10 
1.01 
0.89 
1.04 
0.92 
1.26 



Backwheat Goal. 



16.4 

16.7 

19.8 

19.8 

20.14 

22.3 

22 3 

26.1 

26.3 

27.3 

30.2 

31.4 

32 5 

32.9 

33.7 

45 4 



0.54 
0.59 
0.34 
0.37 
0.58 
0.87 
0.93 
0.96 
1.23 
0.94 
1.10 
1.00 
1.08 
83 
0.80 
1.68 






Q 5f? w.' 

rt d ;> 

O 



Slack. 
18.4 
23.9 
33 2 



S X es V 






0.41 


365 


0.51 


388 


1.16 


638 



133 
133 
192 



Kun of Mine Bit. coal. 

6 49 

♦6 49 
8.89 

*9.33 

12.13 
*12.30 
*15.80 

16.35 
*17 45 

19.20 
*19.73 

20.87 
*23.86 

26. 55 
*27.32 

30.10 

34.30 



0.16 


371 


0.15 


351 


0.21 


414 


0.28 


361 


0.33 


444 


0.31 


412 


0.38 


424 


0.36 


470 


0.39 


436 


0.42 


455 


0.63 


447 


0.51 


506 


0.71 


490 


0.65 


526 


0.86 


523 


0.62 


551 


0.67 


646 



H.P. 

devel. 

52 
75 

100 
105 
125 
150 

150 

170 
170 

200 
225 

240 



% 
Ashes. 
8.33 
8.72 
6.04 
7.42 
6.15 
5.55 
5.81 
4.93 
5.06 
4.93 
5 76 
4.96 
5.49 
4.63 
4.53 
4.43 
4.25 



Anthracite Tests by E. B. Coxe— Max. Sizes. 



Relative rates of 

Combustion. 
Pea Coal 100 
Buckwheat . 85 
Rice... 70 



13.63 


0.375 ; 


Oneida Pea ^ in. 


13.58 


0.5 


No. 1 Buck 9-1 6 in. 


11.40 


625 ' 


No. 2 •' f in. 
No. 3 •• 1 in. 


11.33 


1.04 ; 


9.44 


1.125! 


Eckley 3-16 in. 



•Tubes having retarders. Hor. Tub. Boiler Tests.— Trans. A. S. 
M. E. Vol. 17. 
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The results in evaporation of water when using different 
grades of small Anthracite coal has been determined by a 
large number of tests, * giving us the following averages : 



Buckwheat . 

Rice (No. 2 Buckwheat) 
Culm (pea, buck., rice, bar- 
ley and dust) ... 

Barley (No. 3, Buckwheat) . . . 

Not from same mine 



lbs. water from and at 212 deg. F 



per lb. coal per lb. combustible 



11.07 
11.18 

11.19 
10.fc9 




In a general way we may say there is no difference in evap- 
orative results when using any of the above coals. 

The rate of combustion with forced draft may be increased 
far beyond 25 lbs. of coal per square foot of grate per hour, 
which is about all that is desirable to have witn chimney draft, 
to as much as 120 lbs. and even more as in locomotive prac- 
tice, for in the Purdue Tests we have a rate of 240. 8 lbs. re- 
ported, and this without a very great loss in efl&ciency, as we 
shall see later. 

One of the large installations of Induced Draft, is in the 
Electric Power House, 59th Street and East River, [Power 
Deo. 1897], where 2 or 3-14 ft. fans draw the gases through 
American Fuel Economizers, and then to further reduce theii 
temperature and remove the soot, etc., the gases are passed 
about baffle plates, much as steam is sent through a sepa- 
rator, and then in a scrubber from which they emerge at 
about 100 deg. F. 

This plant has a short steel chimney just sufficient to clear 
the roof of the buildings in the immediate vicinity. 

The space occupied by centrifugal fans is often that above 
the boiler setting, and as such is considered of no particular 
value; in a like manner steel chimneys are frequently set on 
boiler settings and do not take up as much space in a hori- 
zontal plane as a centrifugal fan. 

In the installation at the steam plant of the Lacombe Elec- 
tric Co., Denver (Fig. 3), not only is the forced draft ap- 
paratus occupying room away from the boilers, but is of 
necessity under cover of a steel truss roof, steel chimneys 



*N. E. C. Mfrs. Assn. No. 58— Coxe. 
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when located out of doors take up much less space than in 
this 1a;-0Qt. and while biick cbiiuDeya ma^ take np as moch 
room still tbey elimlDate the toof expense and the exterior di- 
measiona of the base of the foundation ia about the same in 
brick and nelf -supporting steel chimneys. 

Large brick, or any biiok chimneys can not be moved in- 
tact as readily as can steel ones, or centrifugal tana, and the 
portability of the fan is a point that has been raised in ila 
favor. 




Induced Drait Plant 



— la- 
in business for a longer period, portability will not cut much 
of a figure in any system of draft production. 

If the rate of combustion is increased by mechanical 
methods, so that we obtain sufficient evaporation from a part 
of the plant, we can dispense with one or more cf the boilers ; 
the increased rate of combustion, however, which must be 
attained to do this, will naturally give us a less efficient rate 
of evaporation of water per pound of coal, so that the user 
will need to decide which is the more desirable to get the 
most out of the coal for its cost, or the most out of the plant 
for its first cost only. With an increased rate of combustion, 
we have added wear und tear on all parts of the boiler, this 
expense is also to be considered. 

As nearly all well conducted boiler plants have an extra 
boiler or two, so as to allow of one or more being out of com- 
mission all of the time for cleaning or repairs, there is no 
advantage in having a " smaller boiler plant." 

The late Eckley B Cox, probably more than any other 
man, understood the successful burning of small anthracite 
coal. 

In a paper* before the New England CJotton Manufacturers' 
Association in 1895 on this general subject, when treating of 
steam-making and boiler settings, he gives the unavoidable 
losses of combustion as follows : 

" First. — The heat lost by converting into steam the water 
contained in the coal, in the air used in burning it, and that 
formed by the burning of the hydrogen and heating it to the 
temperature at which the gases leave the stack. 

Second. — The heat necessary to raise the carbonic acid gas 
formed by burning the carbon, the pitrogen present in the 
air, and the sulphurous anhydride, that may be formed by 
burning the sulphur, to the stack temperature. When we 
have perfect combustion there will also be a certain amount 
of free oxygen in the stack gas. which mu&t also be heated to 
the same temperature, as it is impossible not to have a cer- 
tain excess of air when the combustion of the coal is complete 
or nearly so. There is also a certain amount of heat lest by 
heating the ashes which are taken from the ash pit at a tem- 
perature above that at which the coal enters the furnace, and 
there is a certain amount of unconsumed carbon remaining in 
the ash which occasions a loss in many cases a large one. 

♦New England Cotton Mfrs. Ass'n, No. 58, p. 142. 
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The latter can, by careful firing, be very much reduced, but 
can never be entirely eliminated. There is also an unavoid- 
able loss occasioned by the radiation from the boilers and 
walls, which, by careful construction, and coating the plant 
as far as possible, with nonconducting materials, may be re- 
duced, but never eliminated. 

The avoidable or partly avoidable losses are : 

First. — Those due to incomplete combustion, too large a 
proportion of the carbon may be unconsumed and pass out 
with the ash, a portion of the carbon instead of being burnt 
to carbonic acid may be converted only into carbonic oxide, 
and thus 69.62 per cent, of the heat units in the carbon be 
lost, a certain amount of hydrogen and marsh gas may be al- 
lowed to pajss out of the stack, and all the heat units con- 
tained in them be lost. 

Second, — Loss from excess of air. While theoretically, to 
burn one pound of carbon it is necessary to use only 11.50 
pounds of dry air, yet in practice this is not possible, as every 
particle of oxygen in the air cannot be brought in intimate 
contact with the incandescent fuel at the proper time, so that 
it is necessary to use more than the theoretical quantity. 
But in most cases the excess is far beyond what would really 
be required if the firing is carefully done. 

This occasions great loss. 

First. — Because all the oxygen not used and the nitrogen 
which accompanies it must be heated to the stack tempera- 
ture, and heat thus lost ; and 

Secondly.— 'BeQ2iXs&Q\i is practically impossible to obtain air 
free from moisture, which must be converted into steam and 
heated to the stack temperature. As vapor of water carried 
into the fire by the air causes a loss, it is evident that the 
artificial introduction of moisture, either by wetting the coal 
or by producing the blast with steam must necessarily increase 
materially the loss of heat in the stack gases. 

Third. — The next avoidable cause of loss is too high a 
stack temperature. It is self-evident that the heating of the 
vast amount of stack gases which are between ten and thirty 
times the weight, of the coal burned, above the temperature 
to which they can be economically reduced, is a very serious 
waste, particularly if this temperature is very much in excess 
of what it should be. 
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Fourth — Loss by removing the ashes at too high a teni- 
perature. In mauy cases the ashes are so hot when taken 
from the furnace that they have to be wetted down. Of 
course all this loss of heat that can be avoided, represents so 
many dollars thrown away. 

Fifth. — Loss by radiation. It is important to have the 
outside surface of the plant, up to the point at which the 
gases ceas<) to give up their heat, as small and as cool as pos- 
sible, either by increasing the thickness of the walls, or by 
covering everything exposed to the air as much as conven- 
iently can be done with non-conducting material, as the radi- 
ation increases with the area exposed, and with the difference 
in temperature of the surface of the walls above that of the 
surrounding atmosphere." 

We shall now consider the first three of the avoidable 
losses: 

{a) The loss from incomplete combustion is due largely to 
poor firing and careless cleaning of fires, when much uuburnt 
fuel passes through the grates, or when with too strong a draft 
the particles of coal dust are blown to the chimney or ex- 
hausted to the blower before they are consumed. 

ip) The loss from excess of air is one to which we cannot 
give too much thought. 

One pound of carbon requires 11.6 lbs. of air for its com- 
plete combustion. 

Though there is much uncertainty as to just how much air 
is used in the burning of fuel, it is said that with forced draft 
50 per cent, excess air is required in addition to the theoret- 
ical quantity, or a total of 18 lbs. of air per pound of coal. 

When natural chimney draft is used 100 per cent, excess air 
or 24 lbs. of air per pound of coal. 

First Com. — Natural draft, 60 deg. F. temp, of outside air 
Escaping gases, 60 deg. plus 440 deg. or 500 deg. F. 

One tb. of coal requires, with 100 per cent, excess of air, 24 
lbs. of air. 

Second Case. — Forced draft, 60 deg. F. temp, of outer air. 
Escaping gases, 60 deg. plus 240 deg. or 300 deg. F. 

To raise one lb. air— First case requires 0.2377x440=105 
B. T. U. 

To raise one lb. air — Second case requires 0.2377x240=57 
B. T. U. 



- « 
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One lb. of coal, forced draft, wastes 18 lbs. of air, with 67 
B. T. U. each lost, or 1126 B. T. U. per lb. coal. One lb. of 
coal, nataral draft, wastes 24 lbs. of air, with 106 B. T. U. 
each lost, or *2620 B. T. U. per lb. of co>il. 

Under the above noted conditions there is a waste of 2620- 

1126 or 1394 B. T. U. per lb. of coal burned with natural 

draft as compared with forced draft. Considering the heat 

units per lb. of coal as 14200 B. T. U. we have a heat loss 

2520x100 
from using natural draft equivalent to — TTooq" =17.74 per ct 

We have a heat loss from using forced draft equivalent to 
1126x100 „ 
14200 =^-^^ P®^ ^'^** 

From the above we have a heat loss of 17.74-7.93=9.81 per 
cent, from using chimney draft, which may seem to be in 
favor of forced draft by a centrifugal blower, but it can read- 
ily be appreciated that when the air needed to complete com- 
bustion or admitted to the fire, when natural draft is used ap- 
proaches the quantity sent through the fire by a blower, there 
is less and less economy of the blower over the chimney until 
when the amount of air is the same, no difference exists 
as to the economy of the one method over the other, except- 
ing the interest and operating expenses of the blower, which 
latter is a considerable item and one not to be lij^htly turned 
aside. The influence of surplus air and a common tempera- 
ture of escaping gases on the economy of a boiler is shown by 
what E. B. Coxe says: " If you have 3 per cent, free oxygen, 
17 per cent, carbonic acid gHS, and 80 per cent Nitrogen, and 
a stack temperature of 500 deg. R, the heat loss is 12.27 per 
cent 

If you have 1 per cent, of carbonic oxide, 3 per cent, of 
free oxygen and 16 per cent, of carbonic acid, and a stack 
temperature of 500 deg. F., the heat loss is 16. 12 per cent 

Thorough burning of (CO) carbonic oxide is necessary to a 
high heat efficiency. 

From the following table: 

Air at 300 deg. F. has a volume of 1.546 cu. ft. 

based on a volume of 1 for air at 32 deg. F. 

So that from the above the chimney moves about 26. 39 per 
cent greater volume of air than the fan. 
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TABLE OF WEIGHT AND VOLUME OF DRY AIR. 





Pressure. 








Pounds per 




atmospheres. 


Pounds per 
Sq. Inch above 


Sq. Inch above 
the Atmosphere 


Volume in 
Cubic Feet. 




a Vacuum. 


(Gauge Pres- 






sure) . 




100 


14-70 


0-00 


10000 


rio 


1617 


1*47 


0-9346 


1-25 


18-37 


3-67 


0-8536 


1-50 


2205 


7-35 


0-7501 


175 


25-81 


11-11 


0-6724. 


200 


29-40 


14-70 


0-6117 


2-50 


36-70 


22-00 


0-5221 


3 00 


4410 


29-40 


0-4588 


350 


5140 


36-70 


0-4113 


400 


58-80 


4410 


0-3741 


5-00 


73 50 


58-SO 


0-3194 


600 


88-20 


73-50 


0-2806 


7-00 


102-90 


88-20 


2516 


8 00 


117-16 


102-90 


0-2288 


9-00 


132-30 


117-60 


0-2105 


1000 


147 00 


132-30 


0-1953 


1500 


220-50 


205-80 


0-1465 


2000 


294-00 


279-30 


01 195 


2500 


367 50 


352-80 


0-1 0-20 



Volonc and Weight or Dry llr it Dimrtnt TcnpenitnrM Oidtir 
■ Constkmt AtnOBphsrIc Prcuorc ot £».»! latht) of HcnPT]' 
In th< Baroneter (Ob« Atnoaphere], tki> VDlnne at 8^ Hew. 
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From Compreasea A 

From Uati made nt the Ele Iro techn cal Exh b tion Fnink- 
fort-on-MaiQ lu 1B<)1 we have for 2 typea ot water tnbe 
boilers, these reeultg: 



Pel oant of bent utilized by boiler .... 

" " lost in escaping gases. , . 

" " " ashpit 

" " nnauoonnlable, radiation, etc. 



73.30 

17.70 

a 10 



Times theoretical quantity of air sappHed . 

Temp, escaping gases, degcees Fahr 

Water gauge (with Siegert Dart'a Instru- 



545.9 
0.43 in. C 
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See N, E, O, M. A, No. 58, p. 168, for more complete 
table. 

The heat lost, etc., confirm in a general way the previous 
calculations. 

The losses from too high a temperature of the escaping 
gases are common to boiler plants, and with a blower forcing 
the draft, the temperature may easily and frequently does be- 
come excessively high. 

The economy of the low flue temperatures, combined with 
comparatively low rates of combustion, low percentages of 
GO, and little or no free oxygen in the escaping gases is 
shown quite conclusively by the following reports of actual 
tests: 

Testg of a Babcock & Wilcox Boiler.'* 



April, 1899. Day. 



Average per cent. CO2 

O 

AshPit ... 



Air Supply 

Temp. Esc. Gases, uptake deg. F 

" Outs, air, deg. F 

" Fire Room, deg. F 

" of air entering Ash Pit. . . . 

Vacuum in Ghimney inches 

Rate of Combustion— coal 

Equiv. Evap. from and at 212 deg. 
F. per lb. comb.— atmos. pres. . 



nth 


12th 


13th 


10.7 


10.9 


10.9 


7.8 


7.7 


8.1 


.5 


.02 


.06 


closed 


open 


closed 


cold. 


normal 


hot. 


619 


445 


572.7 


55.1 


32.4 


64.9 


71.0 


66.3 


96.1 
165.5 
1.41 


1.43 


0.43 


43.39 


19.88 


41.88 


10.18 


11.79 


11.21 



14th 

11.1 
8.7 

closed 
cold. 
521 
62. 
83.75 

.61 

28.82 

12.15 



NiclauBse Boiler.* 



May, 1899. Day. 



Average per cent, C02. . .*. — 

O 

CO 

N 

Temp. Esc. Gas © s, deg. F . . . . 

Outs, air, " .... 

Fire Room. " .... 

Air ent. Ash Pit, deg. F 

Rate of Combustion— Coal.... 

Equiv, Evap. from and at 212 

deg. F. per lb. comb 



2d 



6.18 

11.58 

.94 

81.30 



84.6 
98.2 
106.4 
26.63 

10.24 



3d 



5.07 
13.73 
.62 
80.58 
525 
70.7 
80.4 
189.1 
26.79 

10.381 



4th 



4.95 
13.63 
.77 
80.65 
464 
62. 
79.8 



23.87 
9.76 



5th 



6.74 
11.62 
.33 
81.11 
389 
69.4 
85. 



14.24 
10.78 



6th 

7.10 
9.60 
.90 
82.40 
794 
69. 
96.6 
319.9 
46.18 

9.22 



♦For U. S. S. Alert, 1899.— 5f. Eng. Rep., U. S. N. 
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PftcolioiilBS— Flat Top Mine— Coal was usefl In all tests. Con- 
taiceil coDi^lderable sluCe; cllokered badly. 

(St. Eng. Rep. U.S.N,, 19O0.) See same lor full fletails. 

From tests of boilers* where forced natural draft was nsed 
these tesultB accompany very economic evaporation: 
Boiler pressure, by gage, Iba.. per aq. id. i 63 . 6S , TO . 71 
Temp, of escaping gases, degrees F....I 316 | 355 | 395 | 400 

Aoothar avoidiible furnace loss is too high temperatare of 
the escaping gases, for example in tests made on B. & W. 
boUera with Coxe Stokers, at Deringer, Pa, We have 

Rate of CombusUon. lbs I a, 8 I aasi 

Temp, of Escaping Gases, deg. F. 449,5 HQO 

Equiv. Evap, perlb, of Combus., lbs, ... 11.28 8.51 

Air pressure in asL pit, inch water. | 0.60 | l.OU 

The lo&s iu evaporation in the second test aocompsnies a 
very high temperature of BOO deg, F, 

A forced draught plant now iu operation, without an econo- 
mizer delivers the escaping gases at such a higli temperature, 
say 1,000 deg. F., that at times they heat the short steel chim- 
ney to a dull red heat. 

At the Otto Colliery, Brsnohdale, Pa., cylinder boilers 
nuder forced draft deliver the gases at aboat 1,600 deg. ~ 

and vertical boilers, 711-732 d^, F. 

evaporative efficiency is low. 
•Barrua. 



L both of wliioh the 
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The highest evaporative efficiency of a gun-boat type of 
horizontal boiler was reached with the temperature of escap- 
ing gases at 516 deg. F., with a certain type of vertical boiler 
500 deg. F., another 421 deg. F. 

Forced draft used alone generally results in higher temper- 
ature of the escaping gases than is usual with natural chimney 
draft ; we here have another objection to forced draft. 

The Purdue tests show that after ai certain high rate of 
combustion has been reached, as it increases the temperature 
of the escaping gases decreases — the same total quantity of 
coal being burned in a given time on a grate of varying area, 
under the same boiler, but that point is reached only at a 
very large rate of combustion. 

Coal per hour per sq. ft. of 

grate, lbs 61.40 83.50 124.20 240.80 

Temp, of Escaping Gases F 647 629 610 500 

Draft in inches of water 2.20 2.50 3.30 5.60 

Equiv. Evap. per lb. of comb. lbs. S^^ 7.87 7.52 6.67 

Noting for example that the temperature of steam under 
100 lbs. pressure by gage is 338 deg. F., and 150 lbs., 366 deg. 
F. , we can readily see that the nearer the temperature of the 
escaping gases is to the temperature of the steam in the 
boiler the more economical the boiler is, the temperature of 
the flue gases should not exceed 400 deg. to 500 deg. F. for 
economy. 

The utilization of the heat of waste gases, or the waste heat 
in escaping gases, especially when forced draft is installed, is 
best accomplished in many cases by putting in an Economizer 
as an adjunct to the boiler plant. 

It is to all intents and purposes a feed water heater and is 
described by one manufacturer as follows: 

The Economizer consists of a series of sets of cast iron 
tubes about 4 inches in diameter and 9 feet in length, made 
in sections (of various widths) and connected by ' • top " and 
'* bottom headers," these again being coupled by "top " and 
** bottom branch pipes" running lengthwise, one at the top 
and the other at the bottom, on opposite sides and outside the 
brick chamber which encloses the apparatus. The waste 
gases are led to the Economizer by the ordinary flue from the 
boilers to the chimney. 

The feed water is forced into the Economizer by the boiler 
pump or injector, at the lower branch pipe nearest the point 
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of exit of gases, and emerge from the Economizer at the 
upper branch pipe nearest the point where the gases enter. 

Each tube is provided with a geared scraper, which travels 
continuously up and down the tubes at a slow rate of speed, 
the object being to keep the external surface clean and free 
from soot, a non-condactor of heat 

The mechanism for working the scrapers is placed on the 
top of the Economizer, outside the chamber, and the motive 
power is supplied either by a belt from some convenient shaft 
or small independent engine or motor. The power required 
for operating the gearing, however, is very small. 

The apparatus is fitted with blow-off and safety valves, and 
a space is provided at the bottom of the chamber for the col- 
lection of the soot, which is removed by the scrapers. 

Economizers are not installed in America so extensively as 
in Europe for the European design of boiler costs less per H. 
P. than the American boiler and consequently Americans put 
in more boiler and less economizer. 

In America where boilers are comparatively expensive, the 
economizer is used to take the gases after they leave the 
boiler, and reduce them, by heating feed water to the lowest 
possible temperature. 

Economizers in no way alter the conditions in the boilers of 
plants of which they form a part, but they materially, in 
many — yes, in most of cases add to the efficiency of the steam 
plant. 

From four tests made by Mr. Barrus, we have : 

12 3 4 

Degrees of temp, of gases lost in 

Economizer 145 107 104 166 

Degrees of temp, of feed water raised 

in Economizer 80 66 58 92 

Degrees of temp, of gases leaving 

Economizer. 231 254 299 279 

iut~ Porfo ot increase in evaporation due to 

Economizer lOJ 7 9.3 12.8 

The evaporative efficiency of the boiler being increased 
from 7 to 12.8 per cent. 

In these tests the temperatures of the gases leaving the 
economizer were from 231 deg. to 299 deg. F. 

Had the gases not passed to an economizer, the temperature 
of 500 F., or 961.2 absolute, would be compared with 
231 or 691.2 F. absolute or with 299 F. or 760.2 



— 23 — 



aba., in order to ascertain the intensity of chimney draft 
produced in either case« and as the intensity is a direct 
function of absolute temperatures we can say in a general 
way that the loss of intensity of draft due to the loss of heat 
in the economizer is 30 per cent, therefore to prodpce the 
same draft, in an economizer plant, a chimney say 41 per 
cent higher than for an ordinary installation without an econ- 
omizer would be necessary. It is because of the gases reach- 
ing the chimney of a given plant at a temperature below 300 
deg. F. , that forced combustion is employed to provide suf- 
ficient draft without using a chimney for the purpose. Un- 
less the boilers and economizers are designed with special 
reference to forced combustion, the gases are likely to escape 
from the boiler setting at a much higher temperature than 
with natural draft, resulting in an inefficient boiler; at the 
same time the gases leaving an economizer in a forced draft 
plant are frequently not so very much lower than may be ob- 
tained with natural draft. 

Whatever saving there may be in a blower-economizer out- 
fit over natural chimney draft should be credited to the econ- 
omizer alone. 

With a chimney alone producing draft we have a heat loss 
of about 17.74 per cent. (50 excess air.) With a blower 
alone, a heat loss of 8 per cent to which we should add the 
cost of operating the blower which is from 1 to 7 per cent of 
the steam made in the boilers. 

With a blower and economizer outfit which give the same 
flue temperature as in a chimne}^ and economizer we have a 
loss which is the cost of operating the blowers. 



Anthracite Pea Coal 

5 tests— Stationary Tupper grates— Natural 
draft 

4 tests — Shaking grates— Natural draft 

3 '* Shaking grates Nat. draft & Steam 
Blower (steam made used in blower) 

Anthracite Buckwheat Coal 



Averages lbs. 



10.17 
10.45 

10.39 
Averages lbs. 

10.86 



1 test — Shaking grates — Natural draft 

2 '* *• •• '• " & Steam 
Blower (steam made used in blower) ' 9.96 

Two Vertical "Manning" Boilers, when operated under 
the conditions named gave the preceding equivalent evapora- 
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tioQ from and at 212 deg. per lb. of combustible, 8ho\¥ing as 
far as they go the economy of Shaking Grates. 

All of the blower methods of draft production must be con- 
sidered in connection with, and be planned with especial re- 
gard to the quantity of fuel to be burned in a given time, and 
the amount of air needed for the complete combustion of the 
fuel, which air must necessarily pass through the blowers. 

18 to 25 lbs. of coal per square foot of grate per hour is all 
the coal that should or can be burned with economy under 
natural draft, a greater amount necessitates forced draft. 

Another thing which should not be lost sight of in connec- 
tion with the burning of small coals, is that the unburnt coal 
falling through the grate which in the case of Anthracite 
culm has reached 58 per cent, (found in the ashes.) 

Fan, Stoker and Economizer Engines in a 24 hour test 
used 800 lbs. of coal to burn 19,612 lbs. of coal or 4.01 per 
cent. Sturtevant Fan, American Stoker and Green Econo- 
mizer. — Eng. Bee. V. 42 p. 348. 

The effect of the temperature of the gases, on the power 
required to operate a fan, is shown very clearly by the 
following : 

Effect of Temperature of Oases on Fan Load. 
In^Juced Draft. 12 3 



Draft in inches of water 

Temp, of gases at fan, deg. F 

Speed of fan, rev. per min 

Current req. by fan motor— amperes. . 

'* generated by plant — amperes. 

Proportion used by fan —per cent . . . 

Boiler H. P. developed 



0.42 


0.46 


199.6 


162.5 


154 


179 


10.3 


13.3 


896 


1236 


1.15 


1.17 


521.7 


600.6 



0.24 
330 
230 
20.4 
960 

2.08 
439.2 



The blower used was an American Blower Co. 's centrifugal 
fan with 28 x 84 inch wheel. 

The third test, gases 130 deg. hotter than first, require 
about 100 per cent, more power, and yet the boiler evapora- 
tion is about 20 per cent, less than in the first test. — Curtis 
Pub. Go.f by Davis & Griggs. 

The cost of the above Mechanical Draft outfit (2 fans) in- 
cluding motors, was $5.53 per boiler H. P. 

The data concerning Induced Draft Fans in the accompany- 
ing table is taken from the J 901 catalogue of the American 
Blowet Co. 
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Oue of the recent installations of Induced Draft apparatus 
is that of the Curtis Pub. Co., Phila., Pa., which contains 
3—250 H. P.— B. & W. Boilers for 160 lbs. pressure. 

An Old chimney 30x40 in. by 90 ft. high. 

The Induced Draft plant was installed in duplicate, i. e, 
one fan for reserve, by Amer. Blower Co. 

Fan, 120 inch, water cooled bearings, 8 H. P. Electric 
Motor. 

Temp, of Escaping gases 540 deg. F. from boiler. 
*' " "260 deg. F. " economizer. 

The fan requires 1.4 of the power used by the plant. — 
{Eng. Bee. Vol. 43, p. 172.) 

The economizer consists of two brick chambers, each con 
taining 24-6 tube sections of 4 9-16 inch pipe, each pipe 7J 
ft. long; cost, including masonry, was $5.73 per boiler H. P. 

Results from Tests. 

1 2 3 



411 deg. F. 
199.6 
116.9 
212.5 
9.92 



422 deg. 
162.5 

38.2 
192.9 

16.01 



474 deg. F. 
Econ. off 

4i It 

38.3 



Temp, of gases leaving boilers. .. 
" " " " economizer 

" water entering " 

" " •• boilers.. 

Saving due to economizer, per ct. 

Davis & Griggs. 

The Sturtevant Co. in ** Mechanical Draft" give the follow- 
ing rule for capacity area of a blast fan : 

The square inches of blast, or capacity area of a cased fan, 
is approximately : 

D W 
Capacity/ area= y 

D=diam. of fan wheel in inches. 
W= width of •' "at circum. in inches. 
X=constant dependent on type of fan and casing, 
in general practice X=3. 

The area of the casing outlet is always larger than the 
above figures give for capacity area. 

The volume of air passing through the fan is calculated 
from the •* capacity area." 

The power required to operate a fan varies with the air 
pressure, volume, temperature, and its efficiency in genera- 
tion depend upon whether a belt driven fan is used, or the 
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|>0^«r is furnished by direct connected motor or steam or 
other l][^ of engine. 

BL0TVER8. 

Sturtevant No. 2 monogram blower, no piping, 1800 rev. 
per min. 0.8 H. P. (D.) 

Sturtevant No. 9 foundry blower, supplying Iron melting 
cupola, 25 H. P, (W. 26). 

No. 6 Sturtevant* — Fan Wheel 23 in. dia. x 6| at periphery. 
Diam. of inlet on each side is 12^ in. : 8 blades, area 45. 59 sq. 
in. each. At a speed of 1468 rev. per min., blast 3 oz. to sq. 
in. took 3. 55 H. P. with area of discharge of 44 sq. in. giving 
2750 cu. ft. of air per min. At a speed of 1519 rev. per min. 
blast pressure, 3.5 oz. per sq. in. — 0.8 H. P. with opening 
closed and no air delivered. 

Mr. Snell ran air through a tubular heater placed about 30 
ft. from the blower, at 1100 revolutions per min. of blower air 
was discharged at 161 deg. F. water would have been 190 deg. 
F. at 2100 rev. the air was a little higher temperature. — 
Tram, A. 8. M. E., Vol. 20, p. 89. 

Steam to operate Steam jet — 7.4 of boiler evap. 

(( CC- (( (C (( Q 17ft ^( << *( 

Fan — 4 per cent, of boiler evaporation used to drive the fan. 

Fan— 18 H. P. to supply 1800 to 1950 Boiler H. P. 

Fan— 3.21 H. P. to supply 401.5 Boiler H. P. (Whitham). 

Fan— 5.6 H. P. to supply 520 Boiler H. P. (Wagner). 

Admitted relative efficiency of Fan to Jet 8 to 1. 

The American Blower Co. also give this table of data con- 
cerning fans for forced draft, which only goes as far as fans 
with wheel 33 inches in diameter. 



*ropical Discussion, 222-26. Trans. A. S. M. E. Vol. 7. Mr. H. 
I. Snell. 



SLOnEBS FOK FORCED DRIFT. 

Forced Vraft Capatlty Table for Bloncri. 

lire air. 83 degrees F.; IB lbs. air ner I ft. coal; 34.5 1 
per H. P.: Barometer. ^M: S34 cubic ft. per 1 lb. coi 
■ration, 8.9 lbs. Water per I lb. coal; Pressure, 
t: 5 fts. ooal per H. p. hour. 
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A Niclausse* (Marine Type) water tube boiler was under 
test on land, and it was desired to maintain a rate of combus- 
tion of 30 lbs. of coal per square foot of grate per hour. *' It 
was difficult to regulate the blower so as to obtain the desired 
uniform rate of combustion." '^ The weather cleared and 
a fresh breeze sprang up, increasing in strength so that the 
blower, started at 500 rev. had to be gradually slowed to 330. " 

The maximum rate of combustion under this boiler with 
forced draft was 46. 76 lbs. of coal per sq. ft of grate per 
honr, which may be considered the maximum for *' naval 
-vessels other than torpedo boats and destroyers. " 

One authority has carefully analyzed a representative boiler 
test, and gives the following losses; coal capable of evaporat- 
ing 13 97 lbs. of water per lb., actually evaporated 9.68 lbs: 

liOSSES — Chimney 12. 59 per cent. 

Ashpit 2.68 

Not specified 15.43 






Total 30 80 

The products of combustion are given by Williams as : • 

1. Steam-:— highly rarefied, invisible, and incombustible. 

2. Carbonic acid, invisible and incombustible. 

3. Carbonic oxide, invisible but combustible. 

4. Smoke — visible, partly incombustible, partly combust- 
ible. Hydrogen is invisible. 

Carbon returns to black state and becomes visible. Much 
can be learned regarding the completeness of the combustion 
of fuel by the analysis of the escaping gases. 

A large boiler with a good fire, gave gases with : 

16.5 per cent, of CO2 

3.3 '* ♦• O 

0.9 " "CO 
71.3 ** " N 



92.0 
See Table x, p. 158, 9, Tram. N, E, G. M. A, No. 58. 

Smoke prevention is in reality complete combustion, and 
forced combustion aids or rather prevents smoke only in so 
far as it regulates the quantity of air fed to the fire. 



*(St. Engr. Rep-U. S. N-1899.) 
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One authority in Mechanics* some years ago gave these 
notes on smoke prevention : 

*' The question of smoke prevention has agitated the minds 
of engineers for many years, although pretty well solved by 
Mr. C. Wye Williams more than 20 years ago. Many of the 
so-called inventions of the present day are either mere copies 
of his or reinventions of what was known to him and used in 
his experiments. The principle of burning the gases of coal 
is best illustrated in the Argand and Siemen's burners for 
lamps, and depends wholly on a thorough and intimate mix- 
ture of air with the gas at a high enough temperature to in- 
sure combustion — i. e., the air must be mixed with the gas 
before the latter has been cooled down by contact with cold 
surfaces. Then by having openings for air through the 
doors, and by firing alternately and reversing the draft, the 
gas from the fresh coal is passed over the incandescent coal 
on the other side, and so burned before it reaches the com- 
bustion chamber or tubes, in which case the combustion 
chamber may be smaller than otherwise. 

Another way is to have the fire chambers side by side, and 
supply the air at the bridge as the gases pass to the combus- 
tion chamber ; then by firing alternately there is always a 
stream of hot gas coming in contact with the fresh gas from 
the fire chamber last fired, which insures a perfect combus- 
tion. In this case we have nearly the same conditions as in 
an Argand burner, burning ordinary illuminating gas. The 
fire chamber being the gas producers and the combustion 
chamber the burner, the combustion, commenced in the 
former, is completed in the latter, and the tubes absorbs the 
heat, so that the carbonic acid passes away at a comparatively 
reduced temperature. " 

The effect of varying quantities of air can be readily seen 
by carefully studying notes of actual tests. 

Rob. Kane, M. D., M. R. I. A. and R. H. Brett. Ph. D., 
F. L. S., conducted some elaborate tests on William's patent 
furnace, when they found that with ordinary charging of 
coal, and usual air admitted, much dense smoke passed 
through the flues at a temperature of 650 deg. F., admitting 
the proper quantity of air, finely divided— no smoke visible — 

♦Published in Phila., Pa. 
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temperature 1211 deg. F. ; then shutting off one-half the air- 
inlets, giving one-half the amount of air as in the preceding 
test, lurid flame passed through the flues at 985 deg. F., and 
a light gray smoke issued from the chimney. 

The following table by K B. Coxe is abstracted from a 
quite eztensiye one published in the N. E. C. Manf. Assn. 

Trans. No. 58: 

Table. 
12 3 



Gas analysis com- 
bustible in fuel 
burned 
100 per ct. Carbon. 



002 

N 

002 

o 

N 
002 

o 

N 

002 

o 

N 
002 

o 

N 



:21> 

=79i 

:14) 

: 7:- 

:79) 
:10) 
:llv 
:79) 

■.u[ 

:79) 
: 3) 
:18- 
:79) 



Number of times 

the theoretical 

air supplied 



n. 



1.00 
1.50 

2.10 
3.00 



7.00 



Per cent of heat 

lost when 

T-t=500 deg. F. 

Per cent. H. 

10.1535 



14.8241 
20.4288 
28.8359 
66.2008 



Formula: n= 



V: 
79 



N 



2^ 
79 



N-On 



Per ct. H=[ (11.5xn)plus 1] X .238 x (T-t). 

14650 
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Table. 

Abstracted from same authority as the preceding table 
gives the number of times the theoretical quantity of air sup- 
plied, with various gas analyses : 

12 3 





N-79 


N— 80 




C0plusC02 


CO2 plus CO 
plus 


CO2 plus CO 
plus 






-21 


-20 




21 


1.00 






19 


1.10 


1.05 


Original 


17 


1.23 


1.16 


table contains 


15 


1.40 


1.31 


5 columns and 


14 


1.50 


1.39 


Column I. has 


12 


1.75 


1.60 


every number 


10 


2.10 


1.89 


from 21 to 1. 


8 


2.62 


2.29 




7 


3.00 


2.57 




5 


4.20 


3.39 




3 


7.00 


5.00 


• 


1 


21.00 


9.43 





Formula for values of columns 2 and 3 is 



79 



n- 



-^N-On 
79 



1- 



79 On 
21 N 



These conditions can only exist when hydrogen is present in 
the fuel burnt, and has been converted into water. 

Gas Analyses. 
With a McClave grate and a steam jet blower the analysis 
was 

CO2 —8.20 per cent. 
CO— 13 15 " '' 
H —11.08 •' '* 
CH4 —2.00 " *' 
O —0.30 



i( 



tt 



With fan blower and stoker CO2 — 16.80 per cent. 

O — 1.70 '♦ " 
CO — .40 ** 



t( 
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Mr. Magnius Troilius* in a paper on '* The Analysis" of 
furnace gases gives for gas from producers: 



CO2 
CO 
H 
CH4 



7.50 
16.00 
15.30 

1.90 



8.00 
15.50 
14.90 



Which is very similar to the first above showing by the 
large amount of (CO) Carbonic oxide and (H) hydrogen that 
there is a decided loss of heat. 

Blowers can be regulated; one would think that ** damper 
regulators " had never been heard of in connection with 
chimneys; in fact, many plants are not now equipped with 
them. 

The effect of the quantity of surplus air on the temperature 

of combustion in the furnace is for theoretical quantity 

of air 4940 deg. F. above 32 deg. F. . 

50 per ct. additional air 3332 

100 per ct. additional air 2505 
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When the gases are under pressure, as in stokeholds of ves- 
sels, the temperature of combustion is at ordinary atmos- 
pheric pressure, 2760 deg. F. above 32 deg. F. 
at pressure of 2 atmospheres 3475 
" 3 " 3968 
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The first cost of steel chimneys for small horse-power is less 
than that of brick chimneys or forced combustion outfits. 

For very large powers it costs less to install the blower sys- 
tems, but though we have no operating expenses for chimneys 
we have the cost of the power used to operate the blower and 
economizer engine, if the latter is used. 

We are told that compared with the cost of a good brick 
chimney 

A forced draft plant costs 25 per cent, of the brick chim- 
ney; 
A single induced draft plant costs 40 per cent, of the brick 

chimney; 
A double induced draft plant costs 50 per cent, of the 
brick chimney: 
but that depends entirely upon the design of the chimney. 



*A. I. M. E. 1883. 
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The life of a forced draft fan having constant use is said to 
be about fifteen years, while a well oared for steel chimney 
lasts from 20 to 25 years, if it is kept properly painted outside 
— the inside being protected with soot; a brick chimney lasts 
a hundred years. 

The relative areas of grate surface to boiler heating surface, 
when forced combustion is used, should be decided by a care- 
ful consideration of the kind, quality and quantity of the fuel 
to be burned. 

'*It has been claimed by the advocates of forced draft that 
more power is required to drive the fans* owing to their hav- 
ing to deal with heated gases ; this we think wef can prove 
erroneous. " 

^^ Experience has shown that in a properly designed instal- 
lation it is not necessary to maintain an average vacuum of 
more than 2^ inches water gauge at the fan inlet, the temper- 
ature of the gases to be dealt with being about 450 deg. F. 

On the other hand, it is generally acknowledged that about 
three inches water gauge at the fan discharge is necessary to 
get the best results with forced draft, and as the air is taken 
from the engine room its temperature may be taken at 
80 deg. F. 



'•'More fortcfood thnn induced draft fans. 

+Ellis and Eaves (Patent) System of Induced Draught. 
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If the supply of air to the furnace be* 
12 lbs. per lb. of fuel, then Volume at 32 deg. p'r lb. of fuel is 150 cu. ft. 

40 i. (t .t •« it .. <t (• .i .i (• 00(% '• 

OJ (t «i it tt t. tt t< .t i. .t tt Q(U) .t 

The volume at any other temperature T is 

T plus 461**.2 r 



V=Yolume at 32 deg. x 



493*'.2 
The following are some of the results: 



= Vo- 

ro 





Supply of air in B>s. per B). of fuel. 


Deg. F. 


12 18 


24 


Temperature. 








Volume of gases per lb. of fuel in cu. ft. 


4640 


1551 






3275 


1136 


1704 




2500 


906 


13.59 


1813 


1832 


697 


1046 


1395 


1472 


588 


882 


1176 


1112 


479 


718 


957 


752 


369 


553 


738 


572 


314 


471 


628 


392 


259 


389 


519 


212 


205 


307 


409 


104 


172 


258 


344 


68 


161 


241 


322 


32 


150 


225 


300 



W = coal burned in a given furnace per second. 
Vo = Volume at 32 deg. F. of the air supplied per lb. of fuel, 
ri ==Absolute temp, of the gas discharged by the chimney. 
ro = " "of the air at 32 deg. = 493.°2 F. 

r = " •• at temp. T. 

A = sectional area of the chimney, then the velocity of the cur- 
rent in the chimney in feet per second is 



u= 



W Von 
A ro 



ro \ 1 / 

Density lbs. per cu. ft. = D = — -{ 0.0807 plus — > 

ri ( Vo ( 



*Rankine— Steam Engine, p. 286. 
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Steam jets or steam blowers are means by -which draft is 
aasisted or created, but neither, as a rule, are employed with- 
ont a chimney; while they are cheap in first cost and installa- 
tion they are expensive to keep in repair and to operate. 

Steam blowers under grates are frequently used in counec- 
tion with mechanical stokers, also under boilers whose chim- 
neys do not furnish the desired draft, and which boilers have 
become of insufficient capacity by the natural growth of a 
plant. 

Steam jets are used in chimney flues for like reasons. 

Two horizontal return tubular boilers tested by the writer : 

A — boiler using steam blowers under the grates in connec- 
tion with chimney draft. 

B — chimney draft alone, resulted as follows : 

A. B 



Boiler rated Horse Power 

Boiler Horse Power Developed 

Equiv. Evap. from and at 2120 per lb. 
of combustible 




130 
121.91 

10.73 



(No. 2 Anthracite Pea coal used in both tests. ) 

One disadvantage in the use of Steam jets or blowers is that 
just 80 much more water has to be heated in the chimney and 
carried up out of it; another and more serious objection is 
the large amount of Carbonic Oxide, Hydrogen and marsh gas 
formed. 

In one plant the writer found frequent explosions on the 
opening of the boiler furnace door, and the burning of the 
fireman's arms from explosions of marsh gas in the boiler ; the 
explosions were seen to extend up into the main flue to the 
chimney. 

Again, the steam required to run or operate the steam jets 
or blowers is large in proportion to the quantity of steam made 
under the boilers, having been given (Trans. A. S, Af, E.^ 
Vol. XX ) as from 7.4 to 8.78 per cent., and the relative effi- 
ciency of centrifugal fan blower to steam jet is as 8 to 1. 
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Consumption of Steam Blasts Compared.* 










Per cent, of 


Coal. 


Name of 
blower. 


Per cent, of 

air openings 

in grate. 


Pounds of 
dry coal 

burned an 

hour per sq. 

ft. of grate. 


total steam 
generated in 
the boilers 
that is re- 
quired to 
operate the 










steam blasts 


Rice. 


Young. 




25.8 


11. 1 


>i 


n 




17.9 


7.0 


a 


Wilkinson. 


7 


27.0 


10.8 


Buckwheat. 


Young. 




27.3 


10.8 


<< 


fc . 




16.7 


4.6 


» • 


•t 


26 


31.4 


8.9 


* i 


McClave. 




16.4 


6.7 


14 


«< 




26.1 


9.3 


• • 


Wilkinson. 


7 


32.5 


7.8 


ii 


«( 


7 


45.4 


10.2 



♦Trans. A. S. M. E., Vol. XY II.— Whitfiam. 







** 


Blower. 


Jet. No. 1 . 


Rate of combustion in boiler, 24.3 


21.2 


annular slit 


' " 2. 


" •' " '♦ 35.2 


20.7 


33 1-32 holes 


" " 3. 


" " " " 14.2 


8.3 


1-16 in. hole i 


.. ;. 4 


" .. .' »4 26.9 


12. 


% in. "V Jet 


' " 5. 


H • « i» it grt" w 


14. 


rf-64 in. " ) 



**Per cent, of steam made required to operate jet or blower 
(U. S. Bureau of St. Eng., 1890.) 

A greater rate of combustion can be obtained with a ceutri- 
fugal blower than with a steam jet, and steam in tha ashpit 
redaces the tendency of the coal on the grate to clinker and 
form an obstruction to the free passage of the air necessary to 
combustion. 

It is the opinion of the writer that wherever it is at all 
practicable to do so, a chimney, or what is much to be pre- 
ferred, chimneys in multiple should be used ; one of the largest 
contracting engineering firms who formerly were strong advo- 
cates of forced draft are now recommending chimney draft 
first for all plants with which they have to do. 

It would seem that for the great majority of power steam 
plants, better returns (financially) would result from natnral 
draft produced by means of, not any chimney, but by 
means of a chimney or chimneys designed especially for each 
plant. 
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